ABSTRACT. Dating pollen concentrated from eolian sediments provides a new way to establish a chronological framework on the Loess Plateau of China. We show that pollen deposited simultaneously with sediment in a stable environment can provide reliable ages. We suggest that the reliability of pollen dating can be evaluated by comparison with wood cellulose or charcoal ages from the same stratigraphic level. Dating pollen concentrates from the various profiles indicates paleomonsoon precipitation variability at the loess/desert transitional belt from the late Pleistocene to the early Holocene.
INTRODUCTION
Loess-paleosol 14C dating in the loess Plateau of China has been limited by the lack of suitable dating material. Previously, datable materials included mainly organic matter in soil, which generally provides a minimum age, owing to the presence of younger organic materials brought in by agriculture or atmospheric carbon incorporated through plant growth (Head, Zhou and Zhou 1989) .
In this paper, we evaluate the use of fossil pollen as a dating material. Pollen concentrated from sediments can be dated on the basis of the following postulates. 1) Pollen is produced annually and deposited in situ in sediment; its exine or outer layer is composed of sporopollenin, which is very stable and does not exchange carbon with sediment. 2) Pollen undergoes limited translocation in loess-paleosol, <10 cm (Wu et a1.1992) , because at the loess/desert belt (which belongs to the arid steppe environment, with low annual precipitation and scarce vegetation cover), soil development is very weak, although mixing and percolation occur in the pedogenic process (Dimbleby 1985) . 3) Pollen is an abundant plant fossil, well preserved in sediment, and accelerator mass spectrometry (AMS) technology allows the analysis of <5004ug of carbon. 4) Pollen is predominantly of terrestrial origin, and its age should not be influenced by reservoir effects (Regnell 1992) . Brown et al. (1989 Brown et al. ( ,1992 showed that separation of pollen and pollen concentrates from lake sediments provides a dating material that is potentially superior to any sediment components used previously. Long, Davis and Lanois (1992) developed procedures for physically removing non-pollen contaminants from pollen concentrates, achieving high-precision dates. Based on their work, we developed and modified a procedure suitable for the extraction of pollen concentrate from eolian sediments.
DESCRIPTIVE BACKGROUND
This study focused on five profiles at the present northwestern margin of the Loess Plateau (Fig. 1), i. e., at the loess/desert transitional belt. Loess-mantled hills, sandy loess platforms (yuan) and seasonally flowing streams characterize the landscape of this area. In winter, the area has predominantly northerly and northwesterly winds, generating frequent dust storms. In summer, the main winds are southeasterly, moving inland off the ocean and producing 80% of the annual precipitation that falls as rainstorms (Zhang and Lin 1992 (Figs.1 and 2b ). This section consists of a olian sand (200-150 cm) and grayish-brown paleosol (150-0 cm).
The Baxie loess section is located at the southwest margin of the Loess Plateau 65 km southwest Lanzhou (35°33'N, 103°35'E, 2000 m elevation of ), The stratigraphy of this profile was studied in detail by Zhou et al. (1992) and An et al. (1993) . Here, we tried to relate one sample from the Ba paleosol (where there was evidence for an increase of xprecipitation during the Younger Dryas inter val), in order to compare dating of pollen concentrate with that of humic acid.
METHODS
Separation of the pollen concentrates is based on both particle size and specific gravity (Table 1) . Pollens from semi-arid to arid zones are mostly silt-sized. Before removing sand grains (> 40 µm) from the silt fraction by sieving, we used 5% HCI to disaggregate carbonate clay. The mesh size the sieve was also selected to eliminate organic of detritus larger than most pollen. Then, we further 1992)) and 0-5% organic fragments. Careful microscope identification showed no soil fungi spores in the samples we studied. Because spores of soil fungi are the products of humid forest soil, gener ally they adhere to residues of higher plants (Cao 1980) . Since the objective is to date the original carbon any Younger material adhering to the pollen particles must be removed. We used an oxidizer of 2% NaC102 for cleaning pollen concentrates. Because NaClO2 is a very strong oxidizer and destroys lignin and humic acids, but is also corrosive to pollen grains, we used the weak solution for a short period, e.g., no longer than 5 min. Pollen samples were then treated further with 10% HCI, rinsed with distilled water and dried.
Ca. 500 mg of extracted pollen concentrates was combusted in a sealed tube with CuO. The CO2 was reduced to graphite (Slota et al. 1987) for AMS dating (Donahue, Jull and Zabel 1984) .
RESULTS AND DISCUSSION
Pollen dating results from the various profiles are shown in Tables 2-4. In order to evaluate the reliability of pollen concentrate dating, we re-collected four samples. Three samples are from the welldated Midiwan peat profile (Zhou et al. 1996) , containing wood, charcoal, and peat ( Zhou et a1.1996) . This obviously suggests that pollen concentrate dating improves upon the age of humic acid from aleosol.
P
We applied this method to the chronology of these various profiles, with very interesting results (Tables 3 and 4; Fig. 2 ). Terrace two in the Xuanheze Y g profile (Fig. 2a) shows that pollen concentrate ages form a good age sequence, except for one date from eolian sand: at 330 cm depth, AA-16120 the pollen concentrate dated Ca. 10,000 Yr younger than the one above at 200 cm depth, AA-16119. Since the sand layer generally deposits rapidly, it is hard to believe that it took ca. 10,000 r for the deposition of ca. 250 cm-thick sand. Accordingly, sample AA-161 Y 20 must contain younger pollen or organic detritus, and it should be discarded. The silty mud layer of the profile may correspond and to the mud layer of the Beizhuangcun profile from the Loess Plateau (28,400 + _ 340 BP, XLLQ28, Zhou, Zhou and Head 1990) and possibly further to the later oxygen isotope stage 3 of deep sea cores (Imbrie et al. 1984) , reflecting cool and wet ' P g climatic conditions in East Asia. Moreover, we expect that dating of pollen concentrates from the Shiyaowan paleosol ( Fig. 2b and Table 4 ) should provide reliable ages. These results ) generally agree with those from Midiwan peat (Zhou et al. 1996) , indicating that warm and moist monsoon climate was favorable to aleosol development between ca. 11,680 and 13,700 BP, during the climatic conditions of the last deglaciation. Table 4 and Figure 2c show pollen concentrate ages obtained from Yangtaomao aleosol and eolian sand. One sample at 158 cm depth gives a pollen concentrate age ca. 3000 yr too old, and another one at 258 cm depth is Ca. 1600 years too young, again providing evidence that pollen concentrated from eolian sand contains either younger or older materials. However, the rest of the six dates from paleosol have a good age sequence with depth and can be regarded as reliable. Microscopic exami nation combined with dating shows that pollen concentrate consists of two fractions: 1) pollen deposited simultaneously with sediment, and 2) reworked pollen including older (fossilized) spore pollen preceding sediment deposition in situ, or younger pollen transported through hydrological or agricultural activities; both younger and older pollen may come from either distant or local regions. Pollen reworking is generally an indicator of an unstable environment (Zhou et a1.1996) .
The history of Asian monsoon variation at the loess/desert transitional belt at the end of the last laciation has been reconstructed on the basis of the 14C chronostrati raph g g y in Yangtaomao. The period from a. 11,200 to 10,000 BP (interpolated age) was dominated by a climate marked by cold and dry Our study shows that pollen concentrates may be a better material for dating paleosol than humic acid on the condition that pollen was deposited simultaneously with sediment in a stable sedimentary environment, such as pollen from paleosol or peat, whereas pollen reserved in an unstable environment (e.g., pollen from eolian sand or loess in an area where the winter monsoon is predominant and strong) does not necessarily provide reliable data. Therefore, a reliable chronology of the loessy gy paleosol sequence cannot be established without pollen separation, where suitable dating materials such as wood and charcoal are lacking. We intend to experiment further with loess-paleosol sequences for which detailed stratigraphic work has been done in order to improve the chronology of the Loess Plateau.
2. Four major wet phases have been dated from the Late Pleistocene to the early Holocene. Phase 1 is marked by lacustrine mud, which developed in Xuanheze ca. 29,000 yr BP; a similar sedimentary phase can be found in many locations on the Loess Plateau reflecting a wet-cool climate (based on finding pollen of Abies and Pinus in Beizhuangcun mud (Zhou, Zhou and Head 1990) ). In phase 2 ca. 13,700 BP, paleosol started to develop as shown in Shi aowa P y n, indicating the arrival of the last deglaciation. Phase 3 is recorded in Yangtaomao sandy paleosol (10, 200 BP) during the Younger Dryas interval from 11,200 to 10,000 BP indicating in g creased precipitation. In phase 4, from 10,000 to 9000 BP, paleosol was well developed, reflecting warm-moist climatic conditions and arrival of the Holocene.
Precipitation variability is especially important for the understanding of paleomonsoon climate change at the loess/desert transitional belt of East Asia and can be used as a historic analog for climate prediction. g
